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^•711^-^^-2001-0014823 

(19)rfltb^^^(KR) 
(12) *^^*3i(A) 

(51) Int. CI. 6 fll x ^2001- 

H01L 33/00 )tt{ iJojJ 0014823 

(43) o 7H 2001 ^02«26<a 

(21) WQ^JL 10-2000-0021899 

(22) #«9J4 2000^04^25^ 

(30) ll-1177751999\i04l26 < y < a-g-(JP) 

(71) #€?! A>= 7}*X\7)7}°W 

£A}*M oMJn? 44°H2 22«o V 2251 

(72) £<g4 ^7>Bfuj -6-1 £ 

^ £4444£444*1 4 till *] 7} a] 17-34-205 

(74)cflelo] 



(54) ^41- *m ^ a<i] 



a. g-igc| n} = p fg ffl a ^f- hV£*I|# #4 3=- ^-2^ ZL «V£^f^ ^H) £43 <LS. *fl 1, 4 2 « *l| 3 

3 #^*(102, 103 ^ 104)-§- £44^, 4 1^^(102)^ Ti, Hf, Zr, V, Nb, Ta, Cr, W ^ ScS °H-<H4tt 
*ll l^^Ej 4^ 3|<HS. 44# IW, * 234#(103)£ Ni, Pd ^ CoS 4^44*=- 4 2 
S.^-El 4^3 ^<^ £ ^q-s i^ji, £ 4 344*(104)£r Aul- £#*Kr 3-§- 3-3-2.3. 44. 



-El 

5. £ 3^ ^<H1 Si44. IH^ tts* ^sl ?**o] 333 aved# 

£ 2^ «■ ^21 ^ ^<hi #44, ±«i (ohmic)^ 4^*3 -a-Efli- 44^ 7n«r 4451. 

£ 3£ lofl nl§ ^^21 <^4 443 ££. 4 3#4$4 4311- 44M1tt nsfl^. 

£ 4fe 4*H is\ 44 ?2o) 5a«H^ f Ti ^4 Mj^o^ u>t^^ * t-MI U4# 44Mlfe ae|l. 
s 5fe ^ ah 2 4| 41- 44 #44, 44*3 4£ $ 3*444 4«Hfe 

£ 6-8- ^aH 2°)| 41 44 t 1 ^ 444, T i#4 Pd^sl 4444 * 44M14 nsfl^. 
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£ 74 *ifl 44 4^°fl jfl©W, 2.°-)$- 44 441* 44^b ?m #451. 

£ 8* »1 a«fl Au/Ti/Ni 34 ?£2} f^efl Au/Ni 34 4fc £44 <HHi3 •&£ ^ 34344 

b nans. 



£ 9b 45H1 Au/(TiNi 34 4S<Hl 4# .2-44 <H^^ *£ £ 34*144 ^a)c( 14 cflal^ 4 

4\5 ^efl*. 



1^4 4*?4 ^ g -2 £^ 
4 4*3* ^l^tfl, SIM3 4°l-2-E.3. cfl24b ffl^ 341- 451*1] 4*H flo^ .3^ ^ 7 |)3i 3 

°i4. 

I M 4 144 4H*H 5tH4, °fl4tfl In x Ga AI Z N (4, x+y+z=l, O <1, 0 < y «4, 0 ^z< 1)3 44M13b 
GaN^l 444 4i*Hb €• °1I43 iffls.^ o]uf 14*34* £ n ^3* 244^-3.4 44 234 

^51 214. W, GaNTll 451*flb 44 ±44 Ji-fr 44* 44*H 7>44 451*11 4*H ** 7>44 zfls 
3. 7]rfls] jl &4. s.*l, GaN^l 7.fl3» °1*4 44 4°1££L (LEDHb 44*W44 3^4 * 44 °J44*1 
4 cd44 45L# 4b 3471 °H 7fl44°1 4*44:n Sl4. £4 344 4* LED* <a<H LED 4i*3HI- * 
4444b 3 0 14, GaNTfl 7-1)34 e|o]X) tW^s. (LD)4 4*47l 9J4 71144 4£7> s\jl &4. 

£ 7* GaNTfl *Jsf. 451*11 SSZ°H, *2fl 44 4*4<H* p*8 44 42:4 5134 7fl43°l 4451 

°14. 4 p*8 34°fl 444b GaNJ>.3 °1444b 344(501) ^4<>fl Ni -g"44(502)* 4344 1± 444 
4 SOO^W 10*71 GaN*(501)4 Ni*(502)44 44 4-g-ofl f,^(504)°l *§344. 

Ni*(502) 4<H]b £4 s+<>l<H 43 E-b 3*1 3 3A V * 5.^ ^^(503)°1 ^^sl<H Sl4. °1 5.^ 
(503)31 7.113.3*1^ Au f-°l »l-§-slfe 3^7> ^4. 

0 14 ^ 5a*H-H, *7>#(504)-& p^ GaN^(501)4 NHf (502)7> ^3 3-f°fl Tfl^ofl lHi*l 

b uflE]ol(Schottl<y barrier)* #SM?ife. Jl4# 7^*4. 



^4^1, £ 7°)| °IH€ 44 *<>1 #2fl 7l#ofl 3$ p ^ GaN7fl p^ ^i^l 5a°14b ^ -§■ ^ 

(ohmic characteristic) 0 ! »°J^4^, ^ 10 -2 Qcnf 3 £ ^ ^ fttfr 4b S-^l 

7> $14. 4*tfl, efl»l^|Sl p^ 3^°fl al^^^lb 4 10 

44*1 €■ ^471 f^efl 7l^ofl 214 p^ ^4 4^14t11 3S.4 14, £ 7°il4 ^^4 f>4t(504)sl fi 

Ga4 Nifil 4^-#(Ga-Ni 4^#: °14, «^ X4 4^ Y^l 44#* X-YS. aA]^)s.^-El oi^-o^i^r 
44^4. 

£ f-4t(504)s) GaN*(501)2l S.^ 4^, ^ GaN^(501)4 Ni^(502) 4°14 7fl4 ¥1*4 4*8 4^, 

24 °1^% -&£ f-ofl 44 °J44 471 fi, °14 4-& *4*(504)» i44b p^ 44°fl4b 434 °i34 4 
4 43* £fe Sol ^444b S£ 4*W4. 4*1, *4*(504)4 ^3°1 4*44 34*flb p^ 444 p^ 
GaN 344(501) 4°14 ^4 7j-£7> 47^*1 ^4^2, 4£^1 3^1* ^1 (stem) 44 4713^-S. 41471 ^14 
4°H 43 3, 444 434 4444b 44*14. 

£4, 444(504)4 m-foflb ^sl Ga-Ni 44* °14<H1 Ni-N 444£ ^34«H 44b ^£ 44iS 
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4. °1 Ni-N 4^-#* 34 N ^44 GaN4(501)°14. 4, GaN#(501) ^3 n 44#(504) ^ 

4*sU, p*§ GaN4(501)3 3.4 e4°l ^*lf(Su n^4)-°S 444--S*| p ^ 4^ ^3 Ji*144S <y 
.0444 3 s. 43^4. 



4 4<344 44 4714 44 -a^7]#of| t^f 44 of a)^, 4 4^ 4 p ^ jjja 4_.*|)4 40^ 

71444 £4 D J4 4^4 4fe 44 ^24 fe^ 44s *)144fe 34 43°-S 

4 4<3°1) 344, p«§ IH4 444 4^*1] 4 43 44 42fe 4£*fl4 4°fl 443 AS 3#4 ^ 1, *D 2 ^ *ll 3 
3 44f* £44^, 4 1 44^4 Ti, Hf, Zr, V, Nb, Ta, Cr, W ^ ScS <=]^M4 4 1 ^4 4-.S43 4«i4 
*H£. 44* £44*1, 2 44*4 Ni, Pd 5 Cos. ol^-cH^i *fl 2 34 ?_.S44 aH£ l 4 o|44 

_.44:a 3 3444 Au-f £444 34 4^ AS 4^ 44. 

°13 44 44 ?5i 4<H4, t)1 1 4^4°fl i44 i^lcfl, Ti4 ^» 4<H GaN4°fl tfl4 n % 44 4 
43<H4 ^-#oiji f p ^ GaN44°fl Ti44 44*fls ^44 a44 44AS4 4444. ZL&iq- ^^cfl, 
Ti# 2.444 ^ 2 44*4 p*g GaN43 7|)4«ll *)1 1 344AS^ Ti* Z°i*}7]} ±% °144°fl 44, ^43 Ti 
?} 7)s) &^?} _.4» 1H§43 7)13 4-§- 44*lls4 4444 4*N44. 

=L ^4, P^ 44 42°1| 4<H4, 4^4 4 ^44 <£7) %n 4*13^ O^ig 45=4 ^Eflofl H]«(] 100 43 200°C 

3£ 44 4 SU, 44 3343433 £4 44 ^ Sl^fe 51* 

^11 1 ^7> 1 ifl^l 500nmSl rt^vfl ol^, ^ 2^^*2] ^}7\ 5nm «|^H, £ ^ 3*i4#2] t117> 50 

nm 4^44. 

^4 ^^2] XioH, ^1 1 ^14*^ ^1 1 ^4 ^1 ^4 i«-4Ji, ^1 2 ^4 5<H| 

^ ^44 Ga4^ i4^. 

^<H1 2143, a p^ DI4 ^£^1* 4^ ^ ^-^2} 4^°H Ti, Hf, Zr, V, Nb, Ta, Cr, 

W ^ Scs. o}^?]^ A 1 ^ ^Sls.^ 4^1^ ^<>1£ 441- It^r ^1 1 ^4** ^-^lt 4°fl si ^ 4 

Ni, Pd ^ Cos. oiijLo^ ^ 2 ^-4 ^iis4EH 4«m 44» i44fe ^ 2 ^4t* ^ 1 # 
<fl s|^!4^, a Au# £4*Rr ^ 3 ^-4** ^1 2 ^4f-SH ^J-fr ^±5. 44. 

°l*7fl *H ^1 1 A 3 ^^^,=l 4^ N 2 ^, Ar ^^7] ^ £fe ^1^- f^<H)4 300 

700°C ifls) 4£4°1]^ 5.^4471 3\n l^e] 44. 

■g- ^*IHS.4 4?1 ^Aic^) i ^ 2» ^a14ji ; ^.^4 a>4^ ^s.4^4. ^aI^i i» p «g G aN ^4 
* 44^ AS ^4^1 Ti4, Ni4 ^ Au4* 5L44fe Au/Ni/Ti 4^ 44 2fe Ni# cfl4 

Pd4* 4*^- Au/Pd/Ti #4 ^2^1 4^ ^°14. 

^^1^1 is. lfil 71)4^3 4^£.» -f -d, 4^1 ^4°fl 5.«-4 p*§ 104 4£^l2l 

(101)AS4, a]-4oi^ 714(100) 4^ p^ GaN4* ^^4^4. °1 p^ GaN*(101)-i- ^47) -B-7) ^-4 
7141-4 ^^(MOCVD) 1 ^^ 44 Mg» £.3.4 GaN## <Hl^e»^ (epitaxially)^4 ^-1^4. GaN4(101)ofl^ 10 

19 /arf2l Mg7> ^7fs]<H n 2 £37l°lHo} <H^%<>)1 4«fl p^4 p^ GaN#(101)^ 1.5 xlO 

17 /arfs) 5Hsl<H D J£» 44MlSi4. 

<>1<H, 44<»14 714(100)* 44 1j(EB) 4?- *^7fl MH1 «fl^l4^, p^ GaN ^44(101) 43 *H l, ^ 2 ^ ^1 
3 344(102, 103 ^ 104)AS4, ^^1 5nm2l Tit, 15iim2l Ni4 5 ^ 200nm2l Au44 44 S)^4^4. 

444AS, 440101 714(100)3 44 42 3^1* n 2 ^37143 4 400 <, c°fl4 <H^%t^s^ i°)l 4# 
4^.42*44434. 

s. 2«i 3^4, 4^4 o)44^ ^4 4^. ^ 7 fl43°v! 44£» 44^134. 4^H1 H 44 400°C°fl4 
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33*84^3 34 42* 43*1 ^\tt 4, 4433 7l3-(100)4°l]4* 4*s*el p*j GaN* 

(101), Ti-N 4444 Ni-Ga 44*43 *4#*(102A), Ni*(103) ^ Au*(104) _.S 3*344. 44, 400°C 
°fl3 3^471 3^- 44 Ti-N4 Ni-Ga 444* ?!3 3*33 &44. 33--S43 Ti-N4 

Ni-Gas] 2 #42) 44** 400°C^4 ^.ei^ 33*3 ^3 #3 av-g-ofl ^^s]fe 334s 3444. 

4*4 44 43, #2fl 34 *2°1] 4* p*j GaN*(501)4 Ni#(502) 433 ^34 Ni-N 44** =l 34 
si ji3444 443321 .8.33 44. s&14, 4*H1 H 4* £34 3# 33^ 33 Ti*(l02)7l- £347| ofl 
43 s alf' 333 2:7H) 333, -f3 p % GaN#(101)4 Ti#(102) 433 Ti-N 44*3 *J344. 3 Ti-N 
44** 34 N* *S p*j GaN#(101)_.S*El 44371 tfZofi GaN*(101)3 3.4* Ga7> 4£4 43s 3 
3 34. se)ui, 4_.4*2l Ga4 Ni#(103)_-S433 Ni3 33 4*4* 33 ^«fl *4*#(102A) #3 Ni- 
Ga 44*3 *J334. 34 4* 4* 434 3^°)] 44 4*H1 133* p*j GaN*(l0l)3 3.3 444*3 2 
33* *443 &3 ^3s, Ni-N 44*3 ^3°)] 4* s*14#(£* n*j*)* *J343 8W p*3 GaN 34* 
(101)4 44 €4 433 5.514 4** 433 S * 34s ^444. 

^3<4 Ti4 N* 4S. £* 4*3* 7>4 ji 3?1 i§o| AV^ev *4*#(102A)3 5.44 Ti-N 44** £ 7°fl 
3334 43 GaN*(501)4 Ni*(502) 43 4*3 3*ll 4^34* Ni-Ga 44* 4(504)4 3^43 £4 4* 
*£3 33*83 21*0 334. aelsTN 33 n3 3433 434 Ga3 ^3434, Ni-Ga 44*3 $4 *}•-§- 
£ Ni7l-Ga4 N3 14* 444i Ga4 4*4*31 3.2.$ ££_3 £4 333 *£33 3337I 34. 4, 4 
A H 1^1 34 42:7} -§- s.34 33 %n ^Ji4 343* £ 7°ll 44\S #2fl 44 ^a^l «lsfl ^ 
SI4. 

£ 3£ oi<4 <a^b nsflHoici.. 01 rLEflaofl sl<HAi, < ^ 34 ^» ^4 ^14 

£ ( 0 C)# 44Mls, f^8r 5.ei4 ^el^ 1 ^#^4 (fficrf)* 44\£4. 

£ 3^s^-e1 t ^ «>si- f^efl Au/Ni 34 4°l^fe 4^«-S 444 4^ 44 4°1 400 C C ol^ 
*y *H«I4 GaN*(501)4 Ni^(502)sl 7114 44^1 sl«fl ^#^4°1 4^4^ 34471 ^144^ 4«il, 4^-Hl 
12I Au/Ni/Ti 34 ^°l]3fe n d-S 444 4fe 44 4°1 300°C <H^^ ^£4^ 3 ^34°1 434t11 344 
71 344^, #2)1 iL4 4-& ^r£°114 GaN#(101)4 Nit(103)2l 44°1 4^43 344fe 34 4 ^ ^4. 0)4 
4°), ulna) 4* ^r£°fl3 3^%<H1 2ls(| iL°i4« 4 Sife 34 34 ^2 ^3 421 •&£ ^£21 %i3 0 14 4 
321 434* 7^3-71) 4s, ^4°fl <A43 4^4 °1^°1 44. 

£4, £ 35.S4&I 4 4 Sife 44 4°1, 43°il 12I Au/Ni/Ti 34 42^ ^efl Au/Ni 34 42:°fl «1 «fl 300 M13 
600°C°113 3^ 4£ ^21 vfl<Hi 30. 3^313-!. 3ji 44. ^±3 34-344 £4 4 &4 3^^ 4£i tfl 
*D3£ 4211 Au/Ni 34 42^13^ 500 o C3cfl 4«(l, 4 A H1 12] Au/Ni/Ti 34 42^13^ ^3 £4 44 400°C 
°14. "1 °14sfe 4^>H1 l<Hl3fe Ti4 (102)^1 4°1 44°il ¥ < =-l7l ^§<i #Jfl 34 42:°H3 ^-°lfe GaN4 
(501)21 S4°ll 4^3 444€-^l 23321 44°14 Ni-N 4443 ^3°fl 7l34fe Ji344(£fe n^4)2l ^ 
3°1 334 i43 34 3°14s ^S44 4 44. 

5. 4*r ^3-^1 13 Au/Ni/Ti 34 42°fl Si34, Ti4(102)4 Ni4(103) 443 43* 444t11 44^-13 <H^^ 
3sl4 ^3 4 434 434 14* 44^4. 3 £ 421 zl^e.^} $133, ^44 Ti*(102)2l 4¥3(nm)l- 44 
Mis, #44 Ni#(103)2l 4T3(nm)4 44^4. 43* Au/Ni/Ti 343 434 #2113 Au/Ni 34°fl 3«fl 44 
347144 4343 £4 4 4fe 34* 443s, x£fe #2lli «l«il ^44 7H4 a4» 34 4 4^ 34» 4 
444. 

£ 431 444 44 43, Ti#(102)3 4=33 4«113^ ssi 3 1 ifl3 500nm2l 32H3 343 Au/Ni/Ti 3^ 
?2o)l 333 #2113 Au/Ni 34 42.°fl 3*11 44 3^*joi 4343 3344. s&|4Ti#(l02)7> inm»i4 U= 
s, 33cfl o.5nm3 34, Au/Ni/Ti 34 4^3 3^^ 3*34* #2fl2l Au/Ni 34 42:3 "1*11 33 7fl4sl3 
444. 334 Ti#(l02)7V M4 §1=3 3*3 GaN#(i0l)4 ^13 4*3 433 Ti-N 444* *J343 34 3 
01^=3 444s, Ni#(l03)°113 Ni4 GaN(lOi) 433 4*3 3*113 -°s 33 3^-3 3 ±3. ^444. 44, Ti 
#(102)71- 500nma.4 *^* 3*3fe Au/Ni/Ti 34 42fe 3^^ *£» 43 434 34* 33 *1l£ * 43 
* 44M13 4s, 4:S?1 434°H 44M13 ^44. 33*Ti#(l02)3 M* *^3 3§-3 Ni#(l03)4 GaN* 
(101)3 4343 4433 Ni7> 4*°fl 434 4 &3 sl7l 3*3 3444. 

Ni#(l03)3 4*33 4*il3* 333 4 5nm 343 3*°fl, Au/Ni/Ti 34 423 SH3 #2fl Au/Ni 34 *2 
3 «1 «fl 4* 34343 4343 3344. sb!4 Ni#(103)3 5nm^.4 D=s, 334 lnm3 3* Au/Ni/Ti 34 
42^ 33^*3 333s # 433 4**434. 33* Ni*(l03)3 *37> 4**43 3*3 Au*(l04)4 
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El Ni#(103)-|- #1-43 Au7lTi4( 102)43 44443 2443 nflS-al 30.5. ^434. Ni4(103)3 4 
44*H 4*fl3^ ji^-g. 1/^243 ^tI] sfljE Au/Ni/Ti 7i4 423 #713 4 A <H c)14 M. 

33 #5*34, 1^4 3i44^r 4^H44 4^ ^4 2^ *j7l| 433fe ^tgo] ojcf^ ^Joi 44344. 444, 
*J4 _3I3 4231 4*H Aj-^-^-ofl <34 7j-_.j. n^*(liL^, Ni4(103)3 4434 4*13 
4444 l/an?] ^444. 

24, 43°fl 13 Au/Ni/Ti #4 «P3* £4 4^13 244?1 3*11 Au*4 2443 #4 3H°fl5.4 Ni/Ti 

34 4251 3^434. :*34 3 Ni/Ti 44 42^r N 

2 433 _g a] j N j4-g-33 ^2) N 4 JH»#*1W 33 4^4 4 4^4 £4 4 21524. 3 «4°fl 

^fl^fi 3^4 14, Ni43 14°fl 3*!- 414 43 3*«3fe 43°)1 lofl °H33 £0} A U *(104)4 34*1) ^4 # 
Au*3 ^4 3 50nm 3434 ^4444 34 43!#4. 

41, Au4(104)3 443°il tfl*l)44 143 #713 s-Aj 0.343 4^3 7l)^-o) $4. n^q- Au4(104) 

3 4 5/flniL4 ^341, 143 3fl44°ll 3^H 2.2. (lift-off) 433 343tt 14°11 =l 32H 5.= 43^3 3 
444. 333 43 4313 3*M3 43°1132 Au4(104)3 4*07} 5/an34 a 34 4*1132 J17> 

3 Au 441M 434 44343 &4. 444, Au4(104)3 4^34 4434 3 5/anH}Jl >«4€ 
4. 

24, 43°ll 13 Au/Ni/Ti 14 42°)] tfl4 *}ZL<$S.*\ Au/Ni/Ti 14 Au/(TiNi 4^) 14 4^2 

34, cHtC|^- HlJE^ofl <>1332 AJAH) 10)1 &333 ^ 7 ]2} SA^ cg.2. - ££4 o] &| A}Aj£ £ 

33 ^ = 3 £ 84 £ 93 ae|£o| 444 5^4. 

£ 83 ziEj| = ofl o^c^x^ 3:^2). sfl^^- 442} «l2cx|) Au/Ti/Ni ^4 Au/Ni 5l<H7^ 3 a.*] 

*J-3 'H'd^ ^ 3^1- 44^4. °1 nsJI^l 44\+ 44 «laoi Au/Ti/Ni ^4 

9lo}*)5- Au/Ni ^4 wl^fl Tlfil ^^fl-oi 7llAis|4 ol^ Au/Ti/Ni ^4 ^"fl 

5H<H^s. *sfl4 4i^M£ Ni*°l GaN*°fl 33 344^ 5fl7| ^S-<>1| a Ni-N 4^#1- A 3^4^, 2 

£ 93 nzj«^ Sl<H^^ «q^o] 44 a]H<4 Au/(TiNi 4^-) ^4 42 ^ 13 Au/Ni/Ti ^4 42 

°11 5fl«>W 347iej-sl o]^^ -8;£ 3^j* 4444. 4^4 Au/(TiNi 4^) 44 42 £ >fl 5fl«H4fe 3^1 TiNi 4^ 

4 43 Ni Sfe Ni3 4£7} ^4 444 GaN 344°l 33 34 444^ Ni-N 4444 A 3^4 
^4°1 5i4. 4471, Au/(TiNi 4^) 44 42°^^ °\^*% *<H 443^s jlt.]^ <$<*<>] ^^jl, 

=1 14 #4 4315171 3g^^ 347^4£ 444fe a 03. a§4S4. 

4S, 4^1^ 13 Au/Ni/Ti 44 f^^r 4°fl Tif(102)7> GaN4(101)3 £5L43i ^40)1 

ji^43 Ni-N 44#°1 ^^3^1 4^, £ 9°H 444 43 4°1 Au/(TiNi 4^) 44 42°11 3*(l 
44 3#44*1* 4^4^ ^4 4 44. 4, -a^H 13 44 42°H SW4 ^7]aj 7^ 4405 4^ 
(103)4 p^ GaN 34^(101) 7>oi<H] Ti#(l02)7> ^4 34* 4*84^ 444 4 4 44. 

a, 4*H lofl sa<H7i # p <g GaN 34#°fl i43<H fl^ Mg 4*D4fe 1.0x10 
16 1.0 xio 

20/(^3 ^3°fl4 443714, <H*I4 Mg 4^3 p^ GaN 344°fl fl^E Au/Ni/Ti 44 42°ll 3«ll 4^4 4 
4^4°i4 4°i4. 

2, 4*H i°fl4^ ^4 423 £34 <H4^°1 n 2 4371 4°fl^1 4*1344, Ar 43?1 4 2fe 24 4°1H 
^3^^ #4. °1 ^4°«4 333 «H4^ 4£7} n 

2 ol44 ^4^1 3*11 2^- ^4434, 4efl Au/Ni 44 423 33 ^3 4£°fl 3*0 443fe ^ 

44 Si4. 

24, 47H 14| 4<H4fe ^fii 7414 443 42fl°fl°ll 3*11 24 42 43 24°f| ^44 44 ^ 

ji ^^si-71 nfl^-oii ^Efl ^^ofl o^Ai 44^ 7,^0^ Y4°l] 34 43 4^14 4^3332 ^ 

44. 
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4ah 2S. 11 4aH 2°flAi5L -a ah 14 d^Hs >M-4°H 714(100) 4°fl Mg7> p*§ GaN 

$**(101)4 ^42*4. °] GaN 34^(101) $Hfe 4*11 5nm2] Ti4(102), 4*1) 30nm^ pd4(103) 4 ¥*ll 
200nmSl Au4(104)l EB^^<Hl sH 33434. 

n^jl, A>^oH 7)4(100) 42] 44 ^ N 2 4°1H 4 500'C°1H ol^^-iM 2°fl 4 

34 ^24 4^434. 

£. 21 #24^ °1 -a *H 2ofl 44 4^4 44 4_^1 SM^i, a>4oh 714(100) Aj-oflA-lfe £43-2. 

3. GaN4(101), Ti-N 4414 Pd-Ga 4412] £4l*(102A), pd4(103) ^ Au4(104)o.3. 0)^7^ # 
4°1 4344. J£, 500°Co)]a1 <H^% 42] 43 42°fl4^ Ti-N4414 Pd-Ga 441-fr 3«4*1 &4 

4. °13 AS^-eI Ti-N4 Pd-Gas] 2 44 4414 500°C<i 5.^4 <H4>3 *^ 43 44°fl 2H ^^44 
i a.84^4. 

Ti41 i44*l ulia^SAi Au/Pd 44 4_:£l 14, SHa^ Pd44 GaN 344 a>oH pd- 

N 441°1 ^€4. °1 Pd-N 441£ 4=1] Au/Ni 44 T^ofl 4^ Ni-N 441-4 "H^Hs 34 -B 
1444 441^2] -a-°J<>l €4. ^4 ^h 2<H1 5fl<H4fe .2.514 «H^%4o)] Ti4(l02)7V 4aH 12] 344 
4°i4 341 =r^47) "1541 p^ GaN4(l0l)3 i4 444^3 fl]44°l Si 0 ), ^eU Pd-N 441 

3 4444 j77i4^(£^ n^#)4 8W pH GaN 144(101)4 ^4 14 4°13 -.34 44 

1 44aM 4 44^ ^$444. 

£ 33 ae|isf 447M5. £ 53 ziEflaoll °H*1, »J?^4 43 £ 44 4aH 23 Au/Pb/Ti 44 ^2:4 nl^H 
Au/Pd 14 43H 34*142] <H4^ 451 3^4 44MI4. °1 ^zfl = °l] 444 Sl'e 44 13 400 m 

1 600°C 4£ U^H*) 4a]^ 23 Au/Pd/Ti 4^ t^tt Au/Pd 1^- t 1 ^ 0 )] ^4^^* #3. 
5i4. £, 7^14 44<H1 2)4 ^4a-)4°1 4^14^1 4^71 ^44^ «^^^ 4£o|) 4*flA^ ^557^] Au/Pd 4^ 
^ofl xi<HA^ 500°C4iH < ?H 4a1^1 221 Au/Pd/Ti 44 $1°\x\t= 400°C4&l o l^, 4 100°C4 ^4 
44. oi4 40] 44 4£ ^^^^ ^4« 4 4xr ^J4 4aH1 1°% 7|4^ 44 ^ 
^4*14^4°1^°144^4. 

s 44 4a>4 S. 6s] nEllsfe 4a1^i 22] Au/Pd/Ti 4^ SI^a^ Ti4(102)4 pd4(103) 44^1 4^11- 
444^1] >S4a1^ ^e]4 ^ ^^4 4^4 ^44 14* 44\»4. ^ahi 1^ 7^44 447HS 4a1 
^ 2°)1 °JolAi£ Ti4(102)2l 44^71- 4 1 *fl*l 500nm2l >§3\^<Q ^4°11 4£ ^4a14-§- °i4 4 5i 

4. Pd4(103)2} 4^1°fl 4«flA^ oi^oi 4 ionm °14°J ^4°fl 42fl°i] «l*fl 44 34*141- ^4?ll ?i4 4 
5J4. Pd4(103)^ 44^121 4^1°fl 4*flAi^ \ m ^v\t\ ^t\] sfli Au/Pd/Ti #4 42^1 47H 4Ajo)) cfl 
*i) 4^4* 1*1^ ^5*^14, 2:44& 4^1°1|a^ 4ah 1^ ^44 447MS 44 4^71- 2^ ^Til 4 
35]fe ^4°1 44^ 44344. 44^1, ^ah is] 7^44 ^ £ 2<Hl sa«H4£ Pd4(103)2l 
44314 4^1^ 44^4 4 1^4 3 ^4^4. 

£, Au44 £44*1 #4 huh Pd/Ti 44 ^^4^4. 3^4 o] Hiatal Pd/Ti 44 42°fl ^^^t, 

N 

2 4^71421 cH4^ Ajofl Pd 7> 4^71 421 N 4 441* ^^*flHl2li 4x4 4 4^4 4 °i44. °1 44 
°fl $n ^s.4 14, 4aH 14 4^4^ 7144 44 4°1, Pd42} 14°il 214 ^14 4*1471 21^4^ A u41 

44 fn, ^ Au#2i 4711^ 4 50nm°14 4^-44^ 5i4 44^4. £, Au*2l 4^21 4^*H1 4141^1^ 
4ahi !4 4440} 714444 4-8: °14s 4 5pm °14°J ^0} 44^44^1 ^4^4. 

2, 4aH 121 ^44 447I-43., 4a1^i 2ofl Si<H*1S p^ GaN 344°H Mg2l 4£7> 1.0x10 

18 ^fl*l 1.0 xio 

20 /cnf2) ^310114 ^4344, Mg *£2] p ^ GaN 3*^°11 tfl^Ai^ Au/Pd/Ti 34 42:°ll Slsfl 4^4 4 

4^4 °i4 4 SZ4. 

a 4 A H isl ^44 447>*ls. 471 4aH 2 2) 4^- ^221 5.514 °1^^4 n 2 *fl7l 4«D4 *8*M44, Ar 

42171 £^ 4^- 42l7]oflAi ol^^ S\o)S_ ^4. ol 340,15: ^^£1 o]^ 45:7} N 
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444 &4. 

£4, -a^H 13 344 44443- 43°ll 2°fl 4°H:£ *1, 7fl4 44°1 f^oflofl Hlsfl *)-MH 4£ 

43 2l4°J <34* 43 &al 4^*1 4^43 ufl-g-ofl 3l jJJ ^q-o)] olo^Ai 44 7fl4 124 ^ 44°fl 34 43 4 
Til &4. 

4444 3£ 14 25} 44 ?2f AIGalnN^I 4.E*I| ^1 o] ^ qsLig. 4, ^= ^_.o|| 

m 444°fl33 t}4 7j-sVi- vj-Tfl 4 5CU, 4£*ll 3H3 ±*\ 4*1)3 i«l 434 444 4 33 4 

0J344. °114<4 5/an3 ^435. (stripe) 44 500^3 ^43 (resonator) 4fe 4£*i) efl33°l] ^a] 

<4 is] Au/Ni/Ti 444 f^s] Au/Ni 444 344 7j-f , 2 0mA 34 4433 444°1143 44 ^j-tj-fe 44 4 
0.8V4 4 4V<>lJi, 4 ^ofl 34 334 £44 343 434 4 444. £4 43°il 2°fl 3.344 23 Ni4 tfl 
4<Hl Pd44 4440-^3 34343 x-1444 £<a 4 01 jl, ziofl 44 iSflo}^) ±42] 4^ 44°)| 

3 44 44£ 34 44 4 ?i4 23 43344. 

SE, 43°ll 2 ofl 3.33TrTi3 t)1 1 ^44(102) 4°1) Pd3 ^1 2 444(103)3 3433 3.34, 334 43°il 1 
4443 7144 44 43, 4 43°1] 41- 4333 Pd-Ga 441"4Ti-N 4443 444(102A)» 3:43^ 
s ^343 lit 4334. 4, 34 ^4 Au/Ti/Pd lE^r Au/(TiPd 4^)3 3 i 4 433 ^ 3 

43444 ^ oj4. 

5, 43 43<i 14 2 oflA^ p ^ GaN ^#*4 3#*Kr ^1 1 ^^*(102)^s.Ai Ti7> *\&s\ 31 Si^°>, c]^ 
14 Ti°H tl-^sl^ ^-ji, Hf, Zr, V, Nb, Ta, Cr, W ^ Sc f-s] -g-^ ^^^^ £fe oii-s] ^-g. oi-g-s(| £ Ti 

4 ^-atb a4» ^* a14^ 5l£ £4^4. 

^ 1 ^-^(102) <?M 2jf^^ ^ 2 ^-^fiLsL^ Co# Au/Co/Ti ^4 ?2<*( aH4£ ^1^^4^, 

^^•Hl 1 ^ 221 7j jf.su. q}^Ws ^-4sH ^fe Au/Co ^4 ^2<H1 #7]3 4 A j ^ ^4 A J# 

5a4fe3£4"?!s]55l4. 

£ *».AjAioii 1 4 2 o)1^1fe4^4*^ EB f^ol ol-8-slSi44, sj^^^l €«D4fe^=|^l^ 

(sputtering) ^^14 CVD^4 1^ 4€- 4-§-€ «r aJ4^ 5i^r ^ Si4. 



°R V 4 a. ^q. ^2.0)1 214^, p ^ GaN ^#^<H1 tfl4 44 51^44 ^^14^ ^a-]4 
4*)^ ^34 ^rii tfl4 44^1S 514. a4, 4 4^si 443<JI JL4s.Ai 4^ ^4 ^5i4<Hl <H^^ 

^£1- ^SfloD tilSj) 47fl 4 ^ nfl^-ofl UVEA)] 4^1^ Tfl^ 4^°fl 51^^^ ^5)4 Afl<H2l -g-°14°fl 37]| ^ 

44 ^ Si4. 



(57) 

3441 

p*§ m4 14# 4^1* 43 44 4a°ll 4<H4, 4^1 4£*l]* 4°fl ^4^j^s ^f^4 7)1 l, Tfl 2 ^ ^ 32] 4 
444 i44^; 4^1 7)] 1^444 Ti, Hf, Zr, V, Nb, Ta, Cr, W ^ ScS. olf-<H^^ 4 l^-^^SLsL^z] 4^4 
sj-q-i- s44^ ; 47I Tfl 24444 Ni, Pd 4 Cos. oi-f-^i^ Tfl 2 ^4?-°-SS.4e1 4^4 ^j^i 44 
» i44^;47l Til 34444 Au4 £44tt 5i4 m±s. 4fe 44 4^. 

3442 

^11 14<H1 471 Til 13443 4*1171- 1 Ml*l 500nm3 ^3M14 ^4 4^8 44 44 42. 
3443 

711 I4°fl 471 Til 24443 4*H7 r Snm ol4?J 5i4 43-°-S 4^44 42. 
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3W4 

X] floW, ^-7) 5»f| 3?) ^#2) ^l7> 50nm ^.g. f^io S e fe 

»ll ^#4 GaaW S^SS. i^*Hr 5}* f^os. sfe ^ ^2. 

p*§ ^2} 3^ ^221 XI2 fl^H, Ti, Hf, Zr, V, Nb, Ta, Cr, W ^ ScS. ol-f-oWfe 

XI l^S^el £^Kr XI 13^-*-°: $7] #£X1* 5^t[JL; Ni, Pd £ COS ©1 

XI 2^5«.ss-¥-El <3«i€ 3<Hsl XI 221 XI -5H 

Au» itfafrfc X] 32) ^f-g- #7) X] 23^* -SW 3-3* ^J* ^ .2.3. sfe 3= XI 

XI 6*J-°i| jfl©H, av 7) X| x « E) XI 32) 33€ N 2 ^^7] *t t Ar^-^7] ^ Efe 300 ifl 

*1 700°C2] ^2) iflcq £5L3H ^71 3^ 1*lel*Hr ci i^fe ^ ^8.2.3. ^fe 3^ ^es) 
XI 2 




.100 
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